Reply  by Ackerstaff, R.G.A. et al.
JOURNAL OF VASCULAR SURGERY 
Volume 23, Number 4 Letters to the Editoa~ 735 
Table I I .  Intraopcrative deficits 
Total patients n - 301 TIA Stroke 
Shunted n = 76 7 3 
Not shunted n = 225 0 0 
neurologic outcome after CEA. Further studies are needed 
to determine the clinical relevance of the embolic signals 
detected by TCD during CEA. 
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Reply 
To the Editors: 
We read with interest the letter ofGregoretti et al. with 
comments on our recently published article about the 
clinical relevance of microemboli detection by Doppler 
ultrasound in carotid endarterectomy (J VAse SuRe; 1995; 
21:963-9). He went hrough our research on intraoperative 
brain function monitoring during carotid surgery thor- 
oughly and, fortunately, discovered a small but significant 
error in Table I of our paper. Probably due to inaccuracies 
that occurred during the review process, the number of 
intraoperative transient ishemic attacks (TIAs) during shunt 
manipulation without embolic transients (ET) was incor- 
rectly stated as 4. This should have been 0! Fortunately, this 
error only appeared in the table and does not alter the 
import of our publication. 
As mentioned by Gregoretti et al., in a retrospective 
study of 658 carotid endarterectomies in our institutions ~ 
we found that thromboembolism probably was the most 
important factor (in 70% of all cases) in the pathogenesis of 
perioperative stroke associated with carotid surgery. Actu- 
all),, this conclusion was the main reason to add intraopera- 
tive transcranial Doppler (TCD) monitoring to our elec- 
troencephalogram (EEG) expert system. To evaluate the 
impact of preoperative and intraoperative risk factors on 
clinical outcome in an unbiased study, we pcrfbrmed 
univariatc and multivariate analyses of clinical, hcmodv- 
namic, and thrombocmbolic variables. Besidc thc f:act hat 
both EEG asymmetry during test clamping and the inser- 
tion of a shunt were related to intraoperative and postop- 
erative ischemic omplications, the most striking resuh of 
this statistical analysis was the highly significant relation 
between the occurrence of multiple microemboli (> 10) 
during dissection and intraoperative TIA. 
In general, the second neurologic examination was 
performed within 24 hours of surgery. Therefore most 
postoperative ischemic complications were detected on 
the day of surgery. Although the cause of postopcrativc 
ischemic omplications in carotid endarterectomy is un 
doubtedly multifactorial, we do not completcly undcrstand 
the causal relationship between muhiple nficrocmboli dur 
ing dissection and postoperative ischemic stroke. Neverthe- 
less, the statistical relationship we fbund is an intcrcsting 
phenomenon and is worthy of further study in the near 
fitture. Increasing experimental evidence supports the con- 
cept of sustained cerebral embolism and critical handling 
capaci%, of the circulation of the brain beyond which 
cerebral blood flow and neurologic fimction become im- 
paired. 2'3 It is possible that microembolism during dissec- 
tion is easily followed by sustained embolism during the 
early postoperative phase. Experience with continued TCD 
monitoring during the first hours after carotid endarterec- 
tomy is limited, however, and thus fhr the conclusions are 
contradictory. 4,'~ 
The diff;erentiation between < 10 and > 10 microemboli 
is indeed arbitrary. Nevertheless, the data of our smdv show 
that a significant distinction cxists bctwccn just a fcw 
particulate microemboli and multiple or showers of micro- 
emboli. In our view, this is one of the most fbrtunate 
advantages of microcmboli dctcction by Doppler ultra- 
sound. The microemboli can be made audible in the 
opcrating room, so that the surgeon can be warned in time 
and can adopt his technique accordingly. In other words, 
nficroemboli detection by Doppler ultrasound works as an 
audible servo system to warn the operative team about hc 
more dangcrous parts of the proccdurc bcfbrc irreversible 
brain damage has occurred. 
As mentioned in the introduction of our letter, in six 
cases with intraoperative complications (three TIAs and 
three strokes) microemboti (< 10 ET) were noticed uring 
shunt manipulation. The remaining fimr intraopcrativc 
TIAs happened in nonshtmted ndarterectomies. The rela- 
tive risk of shunting is 4.6 (95% confidence interval [CI I, 
1.3 to 16), and the relative risk of the occurrence ofmicro- 
emboli during shunting is 1.8 (95% CI, 0.4 to 8.5). Using 
Gregoretti's rearrangement of he data, the relative risk of 
cmboli (<10 ET) during dissection is2.0 (95% CI, 0.6 to 
6.8), and during clamp release 1.3 (95% CI, 0.4 to 4.6). 
Thus during each phase ofsurgcry the occurrence ofmicro- 
emboli tends to increase the risk of an intraoperative compli- 
cation. The limited number of events, however, does not 
allow sufficient precision to reach statistical significance. 
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With regard to shunting, it is important to underline 
that in our institution a shunt is selectively used in multiple 
preoperative and intraoperative conditions, uch as a history 
of stroke, an inf]arct shown on computed tomographic s an, 
and significant EEG asymmetry and/or decrease of middle 
cerebral artery blood flow velocities during test clamping. 
Therelbre the parameter "shunt insertion" reflects clinical, 
hemodynamic, and thromboembolic variables and is diffi- 
cult tt) interpret on its own. 
In our institution, the impact of cerebral microem- 
bolism on brain architecture has been described in more 
detail in a previous publication.* In our article, these re- 
suits are mentioncd to underline the possible impact of 
cerebral microembolism on brain function during carotid 
surgery. 
Finally, we completely agree with Gregoretti et al. that 
more studies are needed to determine the clinical relevance 
ofmicroemboli detection by Doppler ultrasound incarotid 
endarterectomy. Fortunately, on both sides of the ocean 
more groups are doing research in this f~scinating field of 
brain protection. In Leicester 4 and in Seattle (Spencer MP; 
personal communication, October 1995), a statistically 
significant correlation was fbund between multiple particu- 
late microemboli and, respectively, a deterioration i  post- 
operative cognitive function and cerebral complications 
(TIA and stroke). 
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Endothelial coverage of endovascular Dacron grafts 
in dogs 
To the Editors." 
In the article entitled, "An aneurysm odel fbr the 
evaluation of endovascular exclusion prostheses," pub- 
lished in the Journal (J VAse SuRr 1995;22:306-15), we
described the cellular incorporation fendovaseular Dacron 
grafts after 3 months of implantation i  dog aortas. In that 
report, we were unable to conclude that he lumenal surface 
of the graf~s was completely covered by endothelial cells 
because appropriate t chniques were not used to demon- 
strate the presence of endothelial cells. 
To further study the histologic haracteristics of graft 
incorporation, we reexamined the preserved specimens 
from our previous publication. Multiple sections of form- 
aldehyde-fixed tissue were removed from the lumenal 
surfhce of the endovascular grafts and processed for trans- 
mission electron microscopy. The tissue consisted of a thin 
layer that covered the surface of the graft. The specimens 
were post-fixed in 2% osmium tetroxide, dehydrated 
through agraded series of ethyl alcohols, and embedded in
EPON. Thick sections were cut from each block to select 
areas fbr thin sectioning. Thin sections were viewed with an 
electron microscope, Tissue was processed for immunoelec- 
tron microscopy and stained with rabbit anti-human 
yon Willebrand factor immunoglobulin coupled to goat 
anti-rabbit immunoglobulin tagged with 10 nmol gold 
particles to detect Weibel-Palade bodies within the endo- 
thelial cells. 
Light microscopy of plastic-embedded tissues was per- 
fbrmed. A vessel wall configuration was evident (Fig. 1). 
The neointimal surface was covered by a single layer of 
elongated endothelial cells. The vessel wall neomedia of 
the tissue contained spindle cells parallel to the surface. 
Between the spindle cells, collagen was present. No evi- 
dence was tbund of necrosis or prominent thrombi n the 
neomedia or attached to the lumenal surface. On trans- 
mission electron microscopy, the cells of the neointimal 
lining had fi:atures consistent with endothelial cells. These 
cells were joined by tight junctions, with cytoplasm con- 
taining thin filaments and structures consistent with 
Weibel-Palade bodies, as demonstrated by the selective 
deposition of gold particles within the structures (Fig. 2). 
A thin basement membrane was present adjacent to these 
cells, underlined by a neomedia consistent of cells with 
characteristics of smooth muscle cells. The cytoplasm of 
these cells contained numerous filaments with dense con- 
densation in an arrangement characteristic of a smooth 
muscle cell. Fibroblasts or myofibroblasts were not iden- 
tified in the neomedia. 
These findings suggest that endovascular implan- 
tation of Dacron grafts does not inhibit cellular in- 
